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Description 



The present invention relates to phosphorescent phosphors, and more particularly to a novel phosphorescent 
phosphor which shows excellent photo-resistance required for the phosphorescent phosphor to be utilized both indoors 
5 and outdoors mainly as a night-time display, and which shows extremely long afterglow characteristics. 

Generally, the afterglow time of a fluorescent substance is short, i.e., the light emitted from the fluorescent sub- 
stance decays immediately after it has been removed from the source of excitation. Unlike such a fluorescent sub- 
stance, some substances emit light after having absorbed ultraviolet radiation or the like and the afterglow that can be 
visually observed continues for a considerable time (ranging from several tens of minutes to several hours) after the 
10 source of stimulus is cut off. Such substances are called phosphorescent phosphors. 

As phosphorescent phosphors, sulfide phosphorescent phosphors are known. Examples of sulfide phosphores- 
cent phosphors include CaS : Bi (which emits light of violet blue), CaSrS : Bi (which emits light of blue), ZnS : Cu (which 
emits light of green) and ZnCdS : Cu (which emits light of yellow or orange). However, these sulfide phosphorescent 
phosphors are chemically unstable and show degraded light resistance, i.e. they have drawbacks that must be solved 
15 for practical use. 

The most extensively used phosphorescent phosphor among such sulfide phosphorescent phosphors is zinc 
sulfide phosphorescent phosphor (ZnS : Cu). However, zinc sulfide phosphorescent phosphor is decomposed by ul- 
traviolet radiation in the presence of moisture and thus blackens or shows reduced luminance. Therefore, it is difficult 
to use this phosphorescent phosphor in applications which require it to be placed outdoors and exposed to direct 
20 sunlight, that is, its use is limited to luminous clocks/watches and instrument dials, evacuation guiding signs or indoor 
night-time display. 

Even when zinc sulfide phosphorescent phosphor is used for a luminous clock, since the afterglow thereof which 
allows the time to be visually recognized lasts only from 30 minutes to 2 hours, a radioactive substance must be doped 
to the phosphorescent phosphor and a self-luminous paint which keeps emitting light by absorbing an energy of radi- 
os ation from radioactive substance must be employed. 

In view of the aforementioned problems of the prior art, an object of the present invention is to provide a phospho- 
rescent phosphor which shows afterglow characteristics that last much longer than those of presently available sulfide 
phosphorescent phosphors, and which is chemically stable and shows excellent photo-resistance over a long time. 
EP-A-00941 32 discloses a luminescent screen, the luminescent layer of which comprises an alkaline earth metal 
30 aluminate activated with europium or lead. The alkaline earth metal is strontium alone or strontium with up to 25% 
replaced by calcium. 

DE-A-1811731 also describes an alkaline earth metal aluminate activated by bivalent europium, the aluminate 
having the formula Ba x+0 . 2 Sr y Eu p AI 2 O 4 . This luminescent aluminate is said to be useful in low pressure mercury vapour 
discharge lamps. 

35 The present inventors took note of alkaline earth metal type aluminates activated by europium or the like, which 

is a phosphorescent phosphor completely different from conventional sulfide phosphorescent phosphors, conducted 
various experiments and developed a phosphor that shows afterglow characteristics which last much longer than those 
of currently available sulfide phosphorescent phosphors, and which is chemically stable and shows excellent photo- 
resistance. It was concluded that this phosphorescent phosphor could solve the problems of the prior art and be em- 

40 ployed as a luminous paint of pigment in various applications where it could be detected visually for a night without 
requiring a radioactive dopant. 

The present invention therefore provides a phosphor which comprises a matrix of formula MAI 2 0 4 wherein M is 
calcium, strontium or barium, the matrix comprising europium as activator and, as co-activator, at least one element 
selected from lanthanum, cerium, praseodymium, neodymium, samarium, gadolinium, dysprosium, holmium, erbium, 

45 thulium, ytterbium, lutetium, tin and bismuth. 

The present invention further provides a phosphor comprising a matrix of formula MAI 2 0 4 wherein M comprises 
at least two metals selected from calcium, strontium, barium and magnesium, the matrix comprising europium as 
activator and, as co-activator at least one element selected from lanthanum, cerium, praseodymium, neodymium, 
samarium, gadolinium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, tin and bismuth. 

50 in a further aspect of the invention the phosphor comprises a matrix of formula (M' x M n y )AI 2 0 4 wherein x+y=1 and 

IvV and M", which are different, are each a metal selected from calcium, strontium, barium and magnesium, the matrix 
comprising europium as activator and, as co-activator, at least one element selected from lanthanum, cerium, praseo- 
dymium, neodymium, samarium, gadolinium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, tin and bis- 
muth. 

55 in a preferred form the europium activator is contained in an amount of 0.001 mol% to 10 mol% in terms of mol * 

relative to the metal or metals in the matrix. 

In another preferred form the or each activator is contained in an amount of 0.001 mol% to 10 mol% in terms of 
mol% relative to the metal or metals in the matrix. In one aspect the total amount of co-activator is 0.001 mol% to 10 
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mol% relative to the metal or metals in the matrix. jow k of the rmo-luminescence in a 

glass or ink to form a composition. torieti/ ~ to » cuhstrate A further aspect of the present 

above. 

In the accompanying drawings. 

Fig. 1 is . graph string M ras* d analysis d a or»SP», amrolura o. SrAfeO. : Eo phosporaten, phosphor by 
i, a graph showing th. sxoita.ion spsCum o, S.A^O. : Eu phoophoroso.nl phosphor and ,he .mi.sion 

5S£^X£E and - aUarglow — „ios «™^^>^^^. 

•g^g^n^ 

££££ Phosphor and «,. ««- — ^ 2MT£S££2« Phosphor; 
Fig. 6 is a graph trowing M IharmoJunrn^oonc. te o S Ag 4 . E y P 

^9?s a graph showing .ha .hanho-larrte-soano. cha.rore.ste o. CaAip. : Ea, phosphoresoan, phosphor 

: Eo phoadrorosoan, p^pho, ohrainad 5 nrinaras 

ST.?. s^En^aSSspaorronro, BaA.O. : Eo. Ndphosphor.soenrphoaphorand.haonr.sion 

F^r: 9 ^^rr«aZSt-^ 

speorrum Mod obtainod 30 -rrinur.a ana, c.saatev oh acdUWre phospho , esc e„, phosphor; 

Fig .15 is a graph showing tha «n *^^ l ^ 5 "ft„ e E ^» ra o,ariate d SoCa,,Ai 2 0 4 : 
Eu " £ k ^^tSSrS- - - : Co phosphor.^, phosphor and 

F^rr^^ 

Ea, Dy pnoaphor^an, Phosphor ^^^T^^^o. ohajo.ari.te ol Sr^g,.^ : 
»os^ 

Tha i„»o„,„n wi,, ha ianh.r dascribad in ,hs ~J^^JJ^S JE2££?&2S 

r ^ - — - 

no co-activator. 
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Comparative Example : Synthesis o!7rAI 2 0 4 : Eu phosphorescent phosphor and characteristics thereof 
Sample 

As an activator 1 76 g (0.005 mol) of europium oxide (Eu 2 0 3 ) was added to 146.1 g (0.99 °<f ^7^; 
bonate havCreaaent grade and 102 g (1 mol) of alumina having reagent grade and. further, 5 g (0.08 mol) of bone 
ald^s added as^ux thereto. After the resultant mixture was sufficiently mixed using a ball mill the sample was fired 
S l^our a?i300 "C in a stream of nitrogen-hydrogen mixture gas (97 . 3) (flow rate : 0.1 hter/m.n) using an elec r.c 
furnace ThlreafteMhe samp.e was cooled to a room temperature for about 1 hour. Tne obtained powder compound 
was sieved havinq 1 00 mesh to obtain phosphorescent phosphor sample 1 -(1 ). 

F 1 shows L results of analysis of the crystal structure of the obtained phosphorescent phosphor by XRD (X- 
ray diLc«ometry) The diffraction peak characteristics showed that the obtained phosphorescent phosphor was 

obtained after removal from the source of light. The peak wavelength of the em.ss.on spectrum of SrAt 2 0 4 . Eu phos 

of the obtalnec I SaUV Bv phosphorescent phosphor and those of «ZnS : Cu phosphorescent phosphor wh.ch ,s 
liable r the maSand whichemits light of green (manufactured by Nemoto a Co., LTD : trade mark : GSS, and 

^TeaSolTa— 

was tekef on a sampte plate having an inner diameter of 8 mm and made of aluminum (sample thickness : 0.1 g/cm^ 
In tha sam^e was eft n the darkness for about 1 5 hours to remove afterglow. Thereafter, the sample was .rradtated 
^XSS^^cb a, 200 lux for 10 minutes, and the obtained afterglow was measured us,ng a lum.nance 

m TsTe 9 enCm J^^^ : Hu phosphorescent phosphor is bright and decay is stow. As 
^^^^ 

24 hours later. When afterglow of SrAI 2 Q 4 : Eu phosphorescent phosphor was actually measured 15 hours after exc, 
te,i °?ab rt .eTs^ HD which was measured 10 minutes, 30 minutes and 100 

andthattheafterglowluminanceoftheSrAt0 4 :Euphosphorescent phosphor, measured 100m,nutes after exc,tat.on, 
" 1 7 £7Z£ tf^sSsS — S of r^ermo-luminescence characteristics (glow curves) of SrA, 2 0 

°p^r™^S . a ™plu„ a 50-C o, above. «c,»s.. M M cons.an, o, a « 8 low, and *. 
altered as shown in Table 1 . 

TABLE 1 
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Sample 


Material Mixing Ratio 


Strontium carbonate 


Alumina 


Europium 


Sample 1-(2) 


0.99998 mol 


1.0 mol 


0.00001 mol 
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TABLE 1 (continued) 
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Material Mixing Ratio 


Strontium carbonate 


Alumina 


Europium 


(3) 


0.9999 


1.0 


0.00005 


(4) 


0.995 


1.0 


0.0025 


(5) 


0.97 


1.0 


0.015 




0.90 


1.0 


0.05 


(7) 


0.80 


1.0 


0.1 



30 



35 



40 



45 



The resu.ts of the examination o, the afterg.ow characteristics of these samp.es 1 -(2) through t -(7), together with 
those of sample ^ amowt of added Eu is between 0.0025 mol and 0.05 mol. the afterglow 

characTeS 

that of ZnS : Cu phosphorescent phosphor 30 "^^^^^Z^ characteristics due to concentration 
Further, since Eu is expensive, if economy and deter.orat.on in the JJW* js meaning ,es S . Conversely, 

quenching are taken into consideration, addition o, ^ excitation is 

when judging in terms of afterglow cha ;f ct * nst,c ^^^ 00001 mo. (0.001 mo.%) and 

^ 10 minutes after ces " 

TABLE 2 

Luminance 100 minutes after 
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Example 1 : Synthesis of SrA. 2 0 4 : Eu, Dy phosphorescent phosphor and characteristics thereof 



Sample 2-(1) 

A5 „ acivato, and - a co-activator, , S^SSSS^^S!^ 
dyaproatum oxide (DyjOj) wara .Odad, raspacuvaly to *! « ° e ^f^"° n ^ OI ^fc acid is add.d thorato 
and 102 g (1 mol) of alumita having raagant grada. Further, to. exalte 6 g i (OdW m ^ 

,a rtux. SL the reatdtan, mixture . — V rntxad ua, g a ba , „ « , umac< , Th9reate , 
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the oresent invention particularly, the luminance of afterglow at an initial stage thereof is much higher than that of 
™ • r ^ohosohc escent phosphor and the decay time constant thereof is high. These indicate that SrAip, : Eu. Dy 
phosphorescent ^SE^2S B to the present invention is an epoch-making high-luminance phosphorescent 
SoSo It can be seen from both the visuaNy recognizable afterglow intensity level and the afterglow characteristic 
oHhis tlZ EuDy phosphorescent phJphor. Shown in Fig. 5. that afterglow of th. phosphorescent phosphor 

WH ' ^Z^llTlX^o. of sample 2,1) which was measured 10 minutes, 30 minutes and 100 
minu^s respectively after excLion in terms of the relative value to the afterglow lum.nescence intensrty of ZnS • Cu 
ZsphoresS 

ohospho acceding to the present invention, measured 10 minutes after excitation, .s 12.5 times that of ZnS Cu 
Sno escTnSsphor, and that the afterglow .uminance of SrAI 2 Q 4 : Eu, Dy phosphorescent phosphor according 
KSSSrtkJ . measured 1 00 minutes after excitation, is 37 times that of ZnS : Cu phosphorescent phosphor 
Ro 6 Sows the results of the examination of the thermo-luminescence characteristics (glow curves) of SrA.£V 
Eu D^hospho escent phosphor previously irradiated which was conducted in a temperature range between *e room 
f *Z iSflC It can be seen from Figs 6 and 4 that addition of Dy as a co-activator has changed the mam 
oZ pTk Texture from 130 -C to 90'C. A high intensity of emission from the trapping 

X SSSSnTto flS-C is considered the cause of a higher luminance of afterglow at the in.tia. stage thereof than 
that of SrAI 2 0 4 : Eu phosphorescent phosphor. 

Samples 2-(2) through 2-(7) 

SrAUO, " Eu Dy phosphorescent phosphor samples (sample 2-(2) through 2-(7)) having ™W osm ™f^ 
Tables wiVmanufactured in the same manner as that of sample 2-(1 ) with the excepts that the proportion of dys- 
prosium was altered, as shown in Table 3. 

TABLE 3 
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Material Mixing Ratio 




Sample 


Strontium carbonate 


Europium 


Dysprosium 


Sample 2-(2) 


0.98998 mol 


1.1 mol 


0.005 mol 


0.00001 mol 


(3) 


0.9899 


1.0 ! 


0.005 


0.00005 


(4) 


0.985 


1.0 


0.005 


0.0025 


(5) 


0.94 


1.0 


0.005 


0.025 


(6) 


0.92 


1.0 


0.005 


0.035 


(7) 


0.79 


1.0 


0.005 


0.10 



The results of the examination of the afterglow characteristics of these samples 2-(2) through 2-(7), together with 
"""ft l S bT s^l a SbTe°^a! IS dering that SrAfcQ, : Eu, Dy phosphorescent phosphor has a more except 



Table 4 




Sample 


Luminance 10 minutes after 


Luminance 30 minutes after 


Luminance 100 minutes after 


ZnS. Cu Std 


1.00 


1.00 


1.00 




1 ~ Continuation of the Table on ine next pdy« 
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Sample I 


Luminance 10 minutes after 


Luminance 30 minutes alter 


Luminance 100 minutes after 


Sample 2-(1) 


12.5 


19.6 


37.0 


Sample 2-(2) 


0.943 


1.57 


2.00 


Sample 2-(3) 


1.5 


1.7 


0 1 

c.. \ 


Sample 2-(4) 


11.7 


17.3 


22.1 


Sample 2-(5) 


20.4 


28.8 


40.2 


Sample 2-(6) 


18.6 


26.3 


36.4 


Sample 2-(7) 


1.95 


| 2.66 


3.30 



Next a phosphorescent phosphor which employs strontium as the metal element (M) and which employs europium 
as an activator and neodymium as a co-activator will be described as Example 2. 

Example 2 : Synthesis of SrAI 2 0 4 : Eu, Nd phosphorescent phosphor and characteristics thereof 

Samples 3-(1 ) through 3-(7) 

SrAUO. • Eu Nd phosphorescent phosphor samples having compositions shown in Table 5 wer< » ^nutectured 
in the same 4 manner a's that described above with the exception that the proportion of neodym.um was altered, as 
shown in Table 5. 



TABLE 5 
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Sample 


Material Mixing Ratio 






Strontium carbonate 


Alumina 


Europium 


Neodymium 


Sample 3-(1) 


0.98998 mol 


1 .0 mol 


0.005 mol 


0.00001 mol 


(2) 


0.9899 


1.0 


0.005 


0.00005 


(3) 


0.985 


1.0 


0.005 


0.0025 


(4) 


0.980 


1.0 


0.005 


0.005 


(5) 


0.94 


1.0 


0.005 


0.025 


(6) 


0.92 


1.0 


0.005 


0.035 


(7) 


0.79 


1.0 


0.005 


0.10 



The results of the examination of the afterglow characteristics of these samples 3-(1) through 3-(7) are shown in 
Table 6. 



55 



Sample 


Luminance 10 minutes after 


Luminance 30 minutes after 


Luminance 100 minutes after 


ZnS.Cu Std. 


1.00 


1.00 


1.00 


Sample 3-(1) 


0.71 


0.91 


1.12 


(2) 


0.73 


1.02 


1.25 


(3) 


6.20 


8.50 


11.14 


(4) 


9.05 


11.75 


14.29 


(5) 


9.01 


11.55 


" 13.98 


(6) 


8.50 


10.21 


11.96 





2.35 


2.54 


2.86 j 
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It can be seen from Table 6 that when the amount of added Nd as a co-activator is between 0.025 and 0.10 mol, 
SrAU0 4 • Eu Nd phosphorescent phosphor has a more excellent afterglow characteristic and a higher luminance 10 
minutes after excitation than ZnS : Cu phosphorescent phosphor. However, even when the proportion of Nd is 0.00001 
mol afterglow of SrAI 2 0 4 : Eu, Nd phosphorescent phosphor has a higher luminance than that of ZnS : Cu phospho- 
rescent phosphor 60 minutes after excitation ceases. This fact indicates the effects of added Eu and Nd as an activator 
and a co-activator, respectively. Further, since Nd is expensive, if economy and deterioration in the afterglow charac- 
teristics due to concentration quenching are taken into consideration, addition of Nd at a proportion of 0.1 mol (10 
mol%) or above is meaningless. 

Further, since SrAI^ : Eu, Nd phosphorescent phosphor is an oxide, it is chemically stable and shows excellent 
photo-resist'ance when compared with conventional sulfide phosphorescent phosphors (see Tables 24, 25) 

Fig 7 shows the results of the examination of the thermo-luminescence characteristics (glow curves) of SrAI 2 0 4 : 
Eu Nd phosphorescent phosphor sample 3-(4) previously irradiated which was conducted in a temperature range 
between the room temperature and 250°C. It can be seen Irom Fig. 7 that the main peak temperature of thermo- 
luminescence of the phosphorescent phosphor in which Nd is doped as a co-activator is about 50"C. 

Next a phosphorescent phosphor which employs strontium as the metal element (M), which employs europium 
as an activator and, which employs, as a co-activator, one element selected from a group consisting of lanthanum, 
cerium, praseodymium, samarium, gadolinium, holmium, erbium, thulium, ytterbium, lutetium, tin, bismuth will be de- 
scribed as example 3. ....»■ 

In the case of europium, neodymium or dysprosium as an activator or a co^ctivator, addition thereof at a proportion 
of 0 005 mol relative to the metal element (M) assured the high afterglow luminance. With this fact taken into consid- 
eration, only the samples in which the Eu concentration of the activator is 0.5 mol% (0.005 mol) and the concentration 
of the co-activator is 0.5 mol% (0.005 mol) are shown. 

Example 3. Advantage of doping of another co-activator to SrAI 2 0 4 : Eu phosphorescent phosphor 

Table 7 shows the results of the examination of the afterglow characteristics of the phosphorescent phosphor 
samples to which lanthanum, cerium, praseodymium, samarium, gadolinium, holmium, erbium, thulium, ytterbium, 
lutetium, tin and bismuth were added, respectively, as the co-activator. 

As can be seen from Table 7, the afterglow characteristics of any of SrAI^ : E u phosphorescent phosphors doped 
with co-activators, improved as the time of more than 30 or 100 minutes elapsed after cessation of excrtat.cn, as 
compared with those of currently available ZnS : Cu phosphorescent phosphor which was used as the comparison, 
and were thus at a level which allowed the phosphorescent phosphor to be put into practical use. 

Since SrAI 2 0 4 : Eu phosphorescent phosphor is an oxide, it is chemically stable and shows excellent photo-re- 
sistance when compared with conventional sulfide phosphorescent phosphors (see Tables 24, 25). 



Sample 


Luminance 10 minutes after 


Luminance 30 minutes after 


Luminance 100 minutes after 


ZnS:Cu Std 


1.00 


1.00 


1.00 


SrAI 2 0 4 :Eu,La 


0.33 


0.74 


1.14 


SrAI 2 0 4 :Eu,Ce 


0.46 


0.93 


1.35 


SrAI 2 0 4 :Eu,Pr 


1.24 


2.63 


7.51 


SrAl20 4 :Eu,Sm 


3.40 


4.82 


9.0 


SrAl 2 0 4 :Eu,Gd 


0.51 


1.30 


r 2.27 


SrAI 2 0 4 :Eu,Ho 


1.06 


2.09 


6.29 


SrAI 2 0 4 :Eu,Er 


j 0.63 


1.43 


3.18 


SrA^O^Eu.Tm 


0.81 


1.53 


3.28 


SrAI 2 0 4 :Eu,Yb 


0.61 


1.28 


2.99 


SrAI 2 0 4 :Eu,Lu 


0.49 


1.01 


3.40 


SrAI 2 0 4 :Eu,Sn 


1.93 


3.61 


7.92 


SrAI 2 0 4 :Eu,Bi 


0.72 


1.77 


5.55 
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Comparative Example 2 and Example 4 : Synthesis of CaAI 2 0 4 : Eu phosphorescent phosphor and characteristics 
thereof 

Europium oxide (Eu 2 0 3 ) as an activator was doped to calcium carbonate having reagent grade and alumina having 
reaaentarade and 5 g (0.08 mol) of boric acid was doped thereto as flux. 

lurS oxide (Eu 2 0 3 ) and either of lanthanum oxide, cerium oxide, praseodym.um ox.de neodym urn oxide, 
samar um oxT gadolin urn oxide, dysprosium oxide, holmium oxide, erbium oxide, thu.ium oxide ytterbium oxk* 
STtfum oxWe tin ^oxide and bismuth oxide were added, as an activator and a co-activator respect.vely to calcium 
£lt£ reagent grade and a.umina having reagent grade and 5 g (0.08 mo.) of b.ica=« thereto 
as flux. After the resuttant mixture was sufficiently mixed using a ball mill, the sample was , fired to J hour aM 800 C 
in a stream of nitrogen-hydrogen mixture gas (97 : 3) (flow rate : 0.1 l.ter/m,n) using an electric furnace. Thereafter 
the samplT was cooled to a room temperature for about 1 hour. The obtained powder compound was s.eved having 
100 mesh to obtain phosphorescent phosphor sample 5-(1) through 5-(42K discovered 

Fig 8 shows the results of analysis of the crystal structure of the obtamed sample 5-(2) by XRD . It was discovered 
from the diffraction peak characteristics that the obtained phosphorescent phosphor was monocl.nic CaAfeCV 

Rcfs I £ ^10 show the results of the examination of the thermo-.uminescence characteristics (glow cuives) of 
sarno es 5 (10? 5 ,nS ^22) and 5-(2B) which employed, as the co-activator, neodymium, samanum dysprosium, 
and 2Sum SspeSy n either case, the glow curve has a peak in the high-temperature range of 50'C or above. 
^J^S^io^^ Phosphors have long-lasting afterglow 

of afterglow of each of the samples had a peak at about 442 nm. as shown in F.g. 11 , and the color of afterglow was 

thUS Th U eafterglowcharacteristic S of each of the samples were compared with the f^*""^ f^^S 
available CaSrS : Bi phosphorescent phosphor which emitted light of blue (manufactured by Nemoto Co.. LTD trade 
mark- RA-S and the wavelenqth of emission peak : 454 nm) in Tables 8 to 1 3. 

As shown in Tab^ to 13, addition of a co-act^ator increased the aftergiow luminance obtained when Europmm 
alone was Idded as activator (see Table 8). This happened whichever type of co-activator was employed. Particularly, 
addition of Nd Sn anS Tm was greatly eff ective, and thus provided a super high luminance blue em.ss.on color phoj- 
So Ascent phosphor which was an order of magnitude brighter. Fig. 12 shows the results of the exam.na^on of the 
£SnS: oTthese high-luminance phosphorescent phosphors obtained by adding Nd. Sm and Tm as a 

C °"Tn more dial. Tab.e 8 shows the afterglow characteristics of phosphorescent phosphors which . employ calcium 
and europium as the metal element (M) and the activator, respective*, and which employ no co-act.vator. the phos- 
phorescent phosphors being shown in 5-(1) through 5-(6). 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS.Bi 


1.00 


1.00 


1.00 


5-(1)CaAI 2 0 4 :Eu (Eu: 
0.001 mol%) 


0.18 


0.16 


0.14 


5-(2) CaAI 2 0 4 :Eu (Eu: 
0.01 mol%) 


0.21 


0.18 


0.17 


5-(3) CaAI 2 0 4 :Eu (Eu: 
0.1 mol%) 


0.25 


0.27 


0.35 


5-(4) CaAI 2 0 4 :Eu (Eu: 
0.5 mol%) 


0.41 


0.60 


0.90 


5-(5) CaAI 2 0 4 :Eu (Eu: 
2.5 mol%) 


0.37 


0.45 


0.65 


5-(6) CaAI 2 0 4 :Eu(Eu: 10 
mot%) 


0.25 


0.28 


0.39 



45 



50 



55 



Table 9 shows the afterglow characteristics of phosphorescent phosphors which employ calcium, europium and 
ne Jymium as the metal element (M). the activator, and the co-activator, respectively, the phosphorescent phosphors 
being shown in 5-(7) through 5-(12). 
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Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 


Luminance 100 minutes 
after 


Std. CaSrS:Bi 


1.00 


1.00 


1.00 


5-(7)CaAI 2 0 4 :Eu,Nd(Eu: 
0.5 mol% Nd: 0.001 
moP/o) 


0.53 


0.78 


1.01 


5-(8) CaAI 2 0 4 : Eu.Nd (Eu: 
0.5 mol% Nd: 0.01 mol%) 


1.05 


1.53 


2.60 


5-(9) CaAI 2 0 4 :Eu, Nd (Eu: 
0.5mol%Nd: 0.1 mol%) 


8.68 


11.8 


20.3 


5- (10) CaAI 2 0 4 :Eu,Nd 
(Eu: 0.5 mol% Nd: 0.5 
mol%) 


9.87 


14.0 


25.0 


5-(11) CaAI 2 0 4 :Eu,Nd 
(Eu: 0.5 mol% Nd: 2.5 
moP/o) 


3.18 


4.51 


8.05 


5-(12) CaAI 2 0 4 :Eu,Nd 
(Eu: 0.5 mol%Nd: 10 
mol%) 


0.84 


1.18 


2.02 



Table 10 shows the afterglow characteristics of phosphorescent phosphors which employ calcium, europium and 
samarium as the metal element (M), the activator, and the co-activator, respective.y, the phosphorescent phosphors 
being shown in 5-(13) through 5-(18). 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:Bi 


1.00 


1.00 


1.00 


5-(13) CaAI 2 0 4 :Eu,Sm 
(Eu: 0.5 mol% Sm: 0.001 
mol%) 


0.71 


0.98 


1.23 


5-(14) CaAI 2 0 4 :Eu,Sm 
(Eu: 0.5 mol% Sm: 0.01 
mol%) 


0.94 


1.43 


2.55 


5-(15) CaAI 2 0 4 :Eu,Sm 
(Eu: 0.5 mol% Sm: 0.1 
mol%) 


4.21 


6.32 


11.30 


5-(16) CaAi 2 0 4 :Eu,Sm 
(Eu: 0.5 mol% Sm: 0.5 
moP/o) 


4.61 


7.00 


12.5 


5-(17) CaAI 2 0 4 :Eu,Sm 
(Eu: 0.5 mol% Sm: 2.5 
mol%) 


2.14 


3.25 


5.80 


5-(18) CaAI 2 0 4 :Eu,Sm 
(Eu: 0.5 mol% Sm: 10 
mol%) 


0.63 


0.96 


1.71 



Table 11 shows the afterglow characteristics of phosphorescent phosphors which employ calcium, europium and 
dysprosium as the metal element (M), the activator, and the co-activator, respecth/e.y, the phosphorescent phosphors 
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being shown in 5-(19) through 5-(24). 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:Bi 


1.00 


1.00 


1.00 


5-(19) CaAI 2 0 4 :Eu,Dy 
(Eu: 0.5 mol% Dy: 0.001 
mol%) 


0.30 


0.24 


0.20 


5-(20) CaAI 2 0 4 :Eu,Dy 
(Eu: 0.5 mol% Dy: 0.01 
mol%) i 


0.41 


0.39 


0.35 


5-(21)CaAI 2 0 4 :Eu,Dy 
(Eu: 0.5 mol% Dy: 0.1 
mot%) 


0.52 


0.60 ! 


0.76 


5-(22) CaAI 2 0 4 :Eu,Dy 
(Eu: 0.5 mol% Dy: 0.5 
mol%) 


0.76 


0.90 


1.25 


5-(23) CaAI 2 0 4 :Eu,Dy 
(Eu: 0.5 mol% Dy: 2.5 
mol%) 


0.84 


1.18 


1.76 


5-(24) CaAI 2 0 4 :Eu,Dy 
(Eu: 0.5 mol% Dy: 10 
mot%) 


0.50 


0.58 


0.76 



10 



15 



20 



25 



30 



35 



40 



45 



Table 1 2 shows the afterglow characteristics of phosphorescent phosphors which employ calcium europium and 
thulium as the metal element (M), the activator, and the co-activator, respectively, the phosphorescent phosphors be.ng 
shown in 5-(25) through 5-(30). 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:Bi 


1.00 


1.00 


1.00 


5-(25) CaAI 2 0 4 :Eu,Tm 
(Eu: 0.5 mol% Dy. 0.001 
mol%) 


1.04 


1.36 


1.81 


5-(26) CaAI 2 0 4 :Eu,Tm 
(Eu: 0.5 mol% Tm: 0.01 
moP/o) 


2.09 


2.65 


3.75 


5-(27) CaAI 2 0 4 :Eu,Tm 
(Eu: 0.5 mol% Tm: 0.1 
moP/o) 


4.89 


5.78 


8.70 


5-(28) CaAl 2 0 4 :Eu,Tm 
(Eu: 0.5 mol% Tm: 0.5 
mol%) 


6.55 


9.04 


18.6 


5-(29) CaAI 2 0 4 :Eu,Tm 
(Eu: 0.5 mol% Tm: 2.5 
moP/o) 


0.634 


1.19 


2.68 


5-(30) CaAI 2 0 4 .Eu,Tm 
(Eu: 0.5 mol%Tm: 10 
moP/o) 


0.151 


0.358 


0.755 



50 



55 
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Table 1 3 shows the afterglow characteristics of phosphorescent phosphors which employ calcium, europium and 
either of lanthanum, cerium, paraseodymium, gadolinium, terbium, holmium, erbium ytterbium, lutet,um manganese, 
tin and bismuth as the metal element (M). the activator, and the co-activator, respectrvely, the phosphorescent phos- 

Ph0r L b mo^ 
shownin5-(31)to 5-(40). 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 

after j 


OLU. OclO I O . Ul 


1.00 


1.00 


1.00 


(31) CaAI 2 0 4 :Eu,La 
(Eu: 0.5 moP/o La: 0.5 
moi /o ) 


0.52 


0.67 


0.81 


(32) CaAI 2 Q 4 :Eu,Ce 
(Eu: 0.5 moP/o Ce: 0.5 
moivo) 


0.84 


1.23 


1.96 


(33) CaAI 2 0 4 :Eu,Pr 
(Eu: 0.5 moP/o Pr: 0.5 
mor/o) 


0.58 


0.82 


1.13 


(34) CaAI 2 0 4 :Eu,Gd 
(Eu: 0.5 moP/o Gd: 0.5 
mol%) 


0.66 


0.91 


1.26 


(35) CaAI 2 0 4 :Eu,Ho 
(Eu: 0.5 moP/o Ho: 0.5 
moP/o) 


0.98 


1.33 


2.39 


(36) CaAI 2 0 4 :Eu,Er 
(Eu: 0.5 moP/o Er: 0.5 
moP/o) 


0.56 


0.76 


0.98 


(37) CaA! 2 0 4 :Eu,Yb 
(Eu: 0.5 moP/o Yb: 0.5 
moP/o) 


0.70 


0.91 


1.28 


(38) CaAI 2 0 4 :Eu,Lu 
(Eu: 0.5 moP/o Lu: 0.5 
mol%) 


0.68 


0.90 


1.24 


(39) CaAI 2 0 4 :Eu,Sn 
(Eu: 0.5 moP/o Sn: 0.5 
moP/o) 


0.45 


0.58 


0.73 


(40) CaAI 2 0 4 :Eu,Bi 
(Eu: 0.5 moP/o Bi: 0.5 
moP/o) 


0.25 


0.33 


0.48 



75 



20 



25 



30 



35 



40 



45 



50 



55 



Examples Synthesis of CaAI 2 0 4 : Eu, Nd phosphorescent phosphor and characteristics thereof 

Europium oxide (Eu 2 0 3 ) as an activator and neodymium as a co-activator were added to calcium carbonate having 
reagen tgTe and alumina having reagent grade and 5 g (0.08 mol) of boric acid was added ' joajfluj oxide 

Europium oxide (Eu 2 C) as an activator, neodymium as a co-activator, and further, either of lanthanum ox.de, 
cerium oxide praseodymium oxide, samarium oxide, gadolinium oxide, dysprosium oxide, holmium ox.de, e bu.m ox- 
ide thuhum oxide, ytterbium oxide, lutetium oxide, tin oxide and bismuth oxide except neodymium oxide , as ^anothj 
co-activator were doped to calcium carbonate having reagent grade and alumina havmg reagent grade and 5 ,g , O08 
mo?2toSc acid was added thereto as flux. After the resultant mixture was sufficiently m.xed us.ng a ball rr » the 
imple SSs fired for 1 hour a. 1300 -C in a stream of nitrogen-hydrogen mixture gas ( 9 7 : 3) (flow rate : 0.1 hter/m,n) 
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using an electric furnace. Thereafter, the sample was cooled to a room temperature for about 1 1 hour. The , obteuned 
powder compound was sieved having 100 mesh to obtain phosphorescent phosphor sample 6- 1) through 6-(41). 

Various samples were manufactured with 0.5 mol% of Eu. 0.5 mol% of Nd and 0.5 mol% of another co-actuator 
and the afterglow luminances 1 0 minutes, 30 minutes and 1 00 minutes after excitation were measured. Table 1 4 shows 
the results in 6-(1) through 6-(13). 



Sample 


1 itminpnrp 10 minutes 

Lull III ICM l^o \\J ihiiiuis/o 

after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:Bi 


1.0 


1.0 


1.0 


CaAI 2 0 4 :Eu,Nd 


9.87 


14.0 


25.0 


6-(1) CaAU0 4 :Eu,Nd,La 


20.6 


23.2 


29.5 


(2) CaAU0 4 :Eu,Nd,Ce 


12.7 


17.5 


26.9 


(3) CaAU0 4 :Eu,Nd 5 Pr 


13.3 


18.1 


27.7 


(4) CaA^O^Eu.Nd.Sm 


8.20 


12.6 


22.6 


(5) CaAI 2 0 4 :Eu ( Nd,Gd 


16.7 


21.3 


33.5 


(6) CaAI 2 0 4 :Eu,Nd,Dy 


14.8 


18.9 


30.8 


(7) CaAI 2 0 4 :Eu,Nd,Ho 


16.9 


21.6 


34.3 


(8) CaAI 2 0 4 :Eu,Nd ; Er 


15.9 


21.0 


33.8 


(9) CaAI 2 0 4 :Eu,Nd,Tm 


4.17 


6.69 


13.4 


(10) CaAI 2 0 4 :Eu,Nd,Yb 


11.0 


16.9 


27.9 


(11) CaAI 2 0 4 :Eu t Nd,Lu 


10.2 


15.2 


25.2 


(12) CaAI 2 0 4 :Eu,Nd,Sn 


11.4 


14.1 


21.2 


(13) CaAI 2 0 4 :Eu,Nd,Bi 


10.6 


13.5 


21.4 1 



10 



15 



20 



25 



30 



35 



I, was recognized from the result of the measurement that the co-activators doped together with neodymium which 
have a particularly excellent afterglow luminance, were lanthanum, dysprosium, gadohn.um. holmmm, erb.um and the 

Then, with 0.5 mol% of Eu and 0.5 mol% of Nd, the concentration of lanthanum was changed from 0.1 mol% to 
10 mol%. Table 15 shows the result of the experiment in 6-(14) through 6-(19). 

TABLE 1 5 



40 


Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 




Std. CaSrS:Bi 


1.0 


1.0 


1.0 


45 


(14) CaAI 2 0 4 :Eu,Nd 
(Eu: 0.5 mol% Nd: 0.5 
mol%) 


9.87 


14.0 


25.0 




(15) CaAl 2 0 4 :Eu,Nd,La 
(Eu: 0.5 mol% Nd: 0.5 


14.1 


18.2 


29.3 




mol% La: 0.1 mol%) 








50 


(16) CaAI 2 0 4 :Eu,Nd,La 
(Eu: 0.5 mol% Nd: 0.5 


15.5 


18.9 


28.5 




mol% La: 0.3mol%) 












J Continuation of the Table on tne nexi page 
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1 ADLC 1 D 


^WJII III lUcu j 






Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


5 


(1) CaAI 2 0 4 :Eu,Nd,La 
(Eu: 0.5 mol% Nd: 0.5 
mol% La: 0.5mol%) 


20.6 


23.2 


29.5 


10 


(17) CaA1 2 0 4 :Eu,Nd ,La 
(Eu: 0.5 mol% Nd: 0.5 
mol% La: 1 .0 mol%) 


1.42 


1.05 


0.858 




(18) CaAI 2 0 4 :Eu,Nd,La 
(Eu: 0.5 mol% Nd: 0.5 
mol% La: 2.0mol%) 


Measurement Limit 


15 


(19) CaAI 2 0 4 :Eu,Nd,La 
mol%La: 10mol%) 


Measurement Limit 


20 


With 0.5 mol% of Eu ar 
mol%. Table 16 shows the rc 


d 0.5 mol% of Nd, the concentration of dysprosium was changed from 0.1 mol% to 10 
ssult of the experiment in 6-(20) through 6-(25). 






TABLE 16 




25 


Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


i i IM «irtnnAA i C\{~} mini itoc 

Luminance iuu rninuiet> 
after 




Std. CaSrS:Bi 


1.0 


1.0 


1.0 


30 


(20) CaAl 2 0 4 :Eu,Nd 
(Eu: 0.5 mol% Nd: 0.5 
mol%) 


9.87 


14.0 


25.0 




(21) CaAI 2 0 4 :Eu,Nd,Dy 
(Eu: 0.5 mol% Nd: 0.5 
mol% Dy: 0.1 mol%) 


4.32 


6.76 


12.0 


35 


(22) CaAI 2 0 4 :Eu,Nd,Dy 
(Eu: 0.5 mol% Nd: 0.5 
mol% Dy: 0.3 mol%) 


8.91 


14.0 


24.2 


40 


(6) CaAI 2 0 4 :Eu,Nd,Dy 
(Eu: 0.5 mol% Nd: 0.5 
mol% Dy: 0.5 mol%) 


14.8 


18.9 


30.8 




(23) CaAI 2 0 4 :Eu,Nd,Dy 
(Eu: 0.5 moI% Nd: 0.5 
mol% Dy: 1 .0 mol%) 


12.1 


18.3 


27.8 


45 


(24) CaAI 2 0 4 :Eu,Nd,Dy 
(Eu: 0.5 mol% Nd. 0.5 
mol% Dy: 2.0 mol%) 


7.49 


10.3 


16.0 


50 


(25) CaAI 2 0 4 :Eu,Nd,Dy 
(Eu: 0.5 mol% Nd: 0.5 
mol% Dy: 10 mol%) 


1.84 


1.29 


0.998 



With 0.5 mol% of Eu and 0.5 mo!% of Nd, the concentration of gadolinium was changed from 0.1 mol% to 10 mol%. 
Table 17 shows the result of the experiment in 6-(26) through 6-(30). 



55 
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Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:Bi 


1.0 


1.0 


1 .u 


CaAI 2 0 4 :Eu ( Nd 

(Eu: 0.5 mot% Nd: 0.5 

mol%) 


9.87 


14.0 


25.0 


(26) CaAI 2 0 4 :Eu,Nd,Gd 
(Eu: 0.5 mol% Nd: 0.5 
mol% Gd: 0.1 mol%) 


11.8 


17.4 


30.0 


(27) CaAI 2 0 4 :Eu,Nd,Gd 
(Eu: 0.5 mol% Nd: 0.5 
mol% Gd: 0.3 mol%) 


12.7 


17.8 


29.8 


(5) CaAI 2 0 4 .Eu,Nd,Gd 
(Eu: 0.5 mol% Nd: 0.5 
mol% Gd: 0.5 mol%) 


16.7 


21.3 


33.5 


(28) CaAI 2 0 4 :Eu,Nd,Gd 
(Eu: 0.5 mol% Nd: 0.5 
mol% Gd: 1 .0 mo!%) 


10.8 


15.7 


26.5 


(29) CaAI 2 0 4 :Eu,Nd,Gd 
(Eu: 0.5 mol% Nd: 0.5 
mol% Gd: 2.0 mol%) 


18.0 


21.7 


29.5 


(30) CaAl 2 0 4 :Eu,Nd,Gd 
(Eu: 0.5 mol% Nd: 0.5 
mol% Gd: 10 mol%) 


1.01 


0.764 


0.590 



10 



15 



20 



25 



30 



35 



40 



With 0.5 mol% of Eu and 0.5 mol% ol Nd, the concentration ot holmium was changed from 0.1 - mol% to 10 mol%. 
Table 18 shows the result of the experiment in 6-(31 ) through 6-(35). 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS.Bi 


1.0 


1.0 


1.0 


CaAI 2 0 4 :Eu,Nd (Eu: 0.5 
mol% Nd: 0.5 moi%) 


9.87 


14.0 


25.0 


(31) CaAl 2 0 4 :Eu,Nd,Ho 
(Eu: 0.5 mol% Nd: 0.5 
mot% Ho: 0.1 mol%) 


10.4 


14.4 


25.3 


(32) CaAl 2 0 4 :Eu,Nd,Ho 
(Eu: 0.5 mol% Nd: 0.5 
mol% Ho: 0.3 mol%) 


12.0 


16.2 


27.0 


(7) CaAI 2 0 4 .Eu,Nd,Ho 
(Eu: 0.5 mol% Nd: 0.5 
mol% Ho: 0.5 mol%) 


~~ 16.5 


21.6 


~~ 34.3 


(33) CaAI 2 0 4 :Eu,Nd,Ho 
(Eu: 0.5 mol% Nd: 0.5 
mol% Ho: 1 .0 mol%) 


13.4 


~ 16.9 

Continuation 


"~ 26.3 
of the Table on the next page 



45 



50 
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TABLE 18 


(continued) 






Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
alter 


Luminance 100 minutes 
after 


5 


(34) CaAI 2 0 4 :Eu,Nd,Ho 
(Eu: 0.5 mol% Nd: 0.5 
mol% Ho: 2.0 mol%) 


13.3 


16.0 


23.5 


70 


(35) CaAI 2 0 4 :Eu,Nd,Ho 
(Eu: 0.5 moP/o Nd: 0.5 
mol% Ho: 10mol%) 


1.20 


0.914 


0.782 


1 


With 0.5 mol% of Eu anc 
rable 19 shows the result of 


J 0.5 moP/o of Nd, the concentration of erbium was changed from 0.1 mol% to 5 mol%. 
the experiment in 6-(36) through 6-(41). 


15 




TABLE 19 






Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 




Std. CaSrS.Bi 


1.0 


1.0 


1.0 


20 


CaAI 2 0 4 :Eu t Nd 

(Eu: 0.5 mol% Nd: 0.5 

moP/o) 


9.87 


14.0 


25.0 


25 


(36) CaAI 2 0 4 :Eu,Nd,Er 
(Eu: 0.5 mol% Nd: 0.5 
mol% Er. 0.1 mol%) 


10.7 


15.1 


27.0 




(37) CaA! 2 0 4 :Eu,Nd,Er 
(Eu: 0.5 mol% Nd: 0.5 
mol% Er: 0.3 mol%) 


~ 10.3 


14.0 


___ ^ 


(8) CaAI 2 0 4 :Eu,Nd,Er 
(Eu: 0.5 mol% Nd: 0.5 
mol% Er: 0.5 mol%) 


^ 15.9 


21 .0 


~~ ~ 33.8 


35 


(38) CaAI 2 0 4 :Eu,Nd,Er 
(Eu: 0.5 mo1% Nd: 0.5 
mol% Er: 1.0 mol%) 


16.4 


21.1 


32.3 


40 


(39) CaAl 2 0 4 :Eu,Nd,Er 
(Eu: 0.5 mol% Nd: 0.5 
mot% Er: 2.0 mol%) 


17.3 


" _ ™~ 21 .7 


30.8 




(40) CaAI 2 0 4 :Eu,Nd,Er 
(Eu: 0.5 mot% Nd: 0.5 
moP/o Er: 3.0 mol%) 


20.1 


21.3 


28.5 


45 


(41) CaAI 2 0 4 :Eu,Nd,Er 
(Eu: 0.5 moP/o Nd: 0.5 
moP/o Er: 5.0 mol%) 


i 17.5 


17.8 


22.0 



50 



55 



when wTth 0 5 mo.% of Eu and 0.5 mol% of Nd. about 0.5 mol% of another co-act,vator was added. 
Example 6 BaAI204 : Eu phosphorescent phosphor 

After 0 5 mo* of Eu was added to the phosphorescent phosphor, further 0.5 mo,% of Nd or Srn was added thereto. 
TO %T55^ «^2un o, the phosphorescent phosphor wh.h emp.oys neodymium as the co- 
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yajLj^rglow emission apeolrum Ihereo, retained 30 « ^^^l^g Ugh, o, green. 

The peak wavelength el emission speolram J alwaya *ool "J^SZSSToIm J £ai,0° : Ea 

Table 20 shosys .he reaulla ol the oomparison 

phos^^en. phosphor an ^Ss^t^S e. eetiaalc peak.: 530 am), 



Sample 


1 no 

Luminance 10 minutes 
after 


Luminance 30 minutes 
after 

1.0 


Luminance 100 minutes 
after 

1.0 


Std. ZnS:Cu 

BaAlsO^Eu.Nd 

(Eu: 0.5 mol% Nd: 0.5 

moP/o) 


1.0 
1.23 


1.14 


__ 0.885 


BaAI 2 0 4 :Eu.Sm 

(Eu: 0.5 moi% Sm: 0.5 

mol%) 


0.982 


0.911 


0.768 



^ , n a, n f,< Nd has a more excellent afterglow luminance than ZnS : Cu phosphorescent 
Table 20 shows that BaAI 2 0 4 . Eu, Nd has a more i excere y ■ Eu S m had a little lower afterglow 

""See BafttjO. - Eu phosphoteecah. phosphor i. ah oxide, il ia chemleall, eaale and e-»wa .xaellah, pho.o-.e- 
aiaWoTwht , c5np.,ed P with P aohV.„,i»„ aalflde phoephor.eeen, phosphor, <aee Tab... 24. 25). 

ExaTO le7 Synthesis ol SrXCa.^O. phosphorescent phosphor and pha.olenaliee th.reol 
Slronlion, oahaonale having i.ageh, grade and oa^ 

iT=d«^^ 

phosphor samples in the manner described above. emiss bn soectrum of SrO.SCaO.SA^ : Eu, Dy 

Fig f 5 shows the results of the exammat.on of the afterglow em ssrcn spectrum sub * tituted for a 

phosphorescent phosphor (Eu 0.5 mo.%^ Dy 0.5 mo|%). ^"^J^^^ between that obtained 

respectively. „ hricnhnr<5 ehows excellent afterglow characteristics 

broken line in Fig. 16. 

Exiles Synthesis o. SrXBa, ..Aup. phoaphoresoen, phospho, and charao.erist.os the.oot 

Srrontiorp oarbonate hav.ng raagen, grade end ^^^IZ^TZZ^L^. 

the manner described above. 
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Fig 17 shows the results of the examination of the afterglow characteristics of SrXBa Vx AI 2 0 4 phosphorescent 

andtTus p;S e ca.; app'!c 9 ab.e aTcompared^he currently available phosphorescent phosphor shown by the 
broken line in Fig. 17. 

Example 9 Synthesis of SrXNg^AI^ phosphorescent phosphor and characteristics thereof 

< c r vM„ &i n nho<;Dhorescent Dhosphors to which 0.5 mol% of Eu and 0.5 mol% of Dy were aaaea. 
of SrXM gi . x AI 2 0 4 P h0 =P h ^ Cent ^ f P t n heM phosphore scent phosphors shows excellent afterglow characteristics 

in Fig. 18. 



x SrXAl20 4 : Eu, Nd, X phosphorescent phosphor and characteristics thereof 



Example 10 Synthesis of Ca^c 
and a^ther^alator. respectively, to obtain the samples 11-(1)through 11-(3) shown ,n Table 21. 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


LuminancelOO minutes 
after 


Std. CaSrS.Bi 


1.0 


1.0 


1.0 


CaAI 2 0 4 :Eu,Nd 


9.87 


14.0 


25.0 


11-(1)(Cao. 9 SR 0 .i) 
AlaO^Eu.Nd.La 


15.2 


17.1 


19.0 


(2) (Cao.7 SR0.3) 
AI 2 0 4 :Eu,Nd,La 


5.53 


4.96 


3.35 


(3) (Ca 0 . 5 SR0.5) 
AI 2 0 4 :Eu,Nd,La 


6.30 


3.08 


Measurement limit 



S„oo„ um havi.9 r- 9 .n. 9 r«d. and =*ta» catenate ha.ine , ,«, 9 an. gmd. jramlxad «* 

and another co-activator, respectively, to obtain the samples 11 -(4) through 11 -(6) shown ,n Table 22. 



55 



18 



10 



15 



20 




o,ha, MM ratio.. Alumina «as addad 10 aa* ol J^»™ samolas as the actiaato,, tha ao-aeliva.or 

TABLE 23 



25 



30 



35 



40 



Luminance 10 minutes 



Luminance 100 minutes 




45 



50 



55 



a„o„«a m as « ma,a, -"^nrJLtTIra. 1o1anu,.a a«e, axo«a«oo was n»a 
excellent afterglow characteristics than CaSrS . bi ana iu 
excellent than CaSrS : Bi. 

Example 11 Humidity test 

obtained according to the present inventor ohosDnor samp | e s were left for 500 hours in a constant temper- 

" ' «Tnt.%T.o Sxa« 24, nooa o, « aamplaa „as a.ao.ad 0, hua«y and » samples we,, mas s.adle 

TABLE 24 



Sample i 


Before test 


Atter test 


SrAI 2 0 4 :Eu,Dy 

(Eu: 0.5 mol% Dy: 0.5 mol%) 


1.0 


1.01 


CaAI 2 0 4 :Eu,Nd 

(Eu: 0.5 mol% Nd: 0.5 mot%) 


1.0 


0.99 
a next oaae 
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6. Matiere luminescente selon la revendication 5, dans laquelle la teneur totale en coactivateur est 0,001 a 1 0 % en 
moles par rapport au metal ou aux metaux dans la matrice. 

7. Matiere luminescente selon rune que.conque des revendications precedentes qui pres ante : ur .pic 
thermo.uminescence dans une region haute temperature de 50 «C ou plus lorsqu'e He •*>"*"> par des rayons 
ultraviolets ou visibles ayant une longueur tfonde de 200 a 450 nm a des temperatures amb.antes. 

8 Composition qui comprend une matiere luminescente selon Tune quelconque des revendications 1 a 7 melanges 
avec une matiere plastique. un caoutchouc, du verre ou une encre. 

9 Procede pour conferer des caracteristiques de luminescence residuelle a un substrat choisi parmi une jauge un 
cSan de reveil un panneau de securite, un vehicule, une cle, un trou de serrure, un panneau de s gnal.sa .on 
SuSre une Here de securite, une bouee de peche, un casque, un poteau indicateur, un commu tateur e lec 

Sue u ^instrument d'ecriture, une carte, un jouet ou une ba.le de sport, ce precede comprenant I aPP^on, 
sur edft substrat, d'une matiere luminescente telle que revendiquee dans I'une quelconque des revend.cat.ons 1 
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Sample 


Before test 


After test 


SrQ.5Ca05AI2O4.Eu.Dy 

(Eu: 0.5 mol% Dy: 0.5 mol%) 


1.0 


1.00 


Sro5Bao.5Al2O4.Eu.Dy 

(Eu: 0.5 moi% Dy: 0.5 mol%) 


1.0 


0.99 


Sro5Mgo.5AI2O4-Eu.Dy 

(Eu: 0.5 mol% Dy: 0.5 mol%) 


1.0 


1.02 



Example 1 2 Photo resistance test 

Fig 25 shows the resufts of the photo resistance test conducted on the ^^^^ * 

M «n b. c.n .rem Too.. 25. phosphoreceen, phosphore aocordin 9 ,o me pwM invention ,re von, sub,. ,s 
compared with convonlional zinc suliide phosphoresoonl phosphoc 



Sample 


Before test 


3 hours after 


6 hours after 


12 hours after 


Std. ZnS.Cu 


1.0 


0.91 


0.82 


0.52 


SrA^O^Eu.Dy 

(Eu: 0.5 mol% Dy: 0.5 moI%) 


1.0 


1.01 


1.00 


1.01 


CaAI 2 0 4 :Eu,Nd 

(Eu: 0.5 mol% Nd: 0.5 mol%) 


1.0 


1.00 


1.01 


1.00 


Sro5Cao.5AI2O4-Eu.Dy 

(Eu: 0.5 mol% Dy: 0.5 mol%) 


1.0 


1.00 


0.99 


1.00 


Sr 05 Ba 0 . 5 AI 2 O 4 :Eu l Dy 

(Eu: 0.5 mol% Dy: 0-5 mol%) 


1.0 


1.01 


1.01 


1.01 


Sr 0 5Mgo.5AI 2 04^u,Dy 

(Eu: 0.5 mol% Dy: 0.5 mol%) 


1.0 


1.00 


1.00 


0.99 



For use phosphorescent phosphor according to the present invention may be coated on the surface of any of 
various products. It may also be mixed ^^^^^^^ conventional su.fide phosphores- 

hence chemically stable and shows excellent photo-resistance. 

airolane ship, automobile, bicycle, key, key hole 

Sc sign indicator of traffic lanes, indicator for a guard rail, fishing buoy, d.recUon 
board on a maintain trail, direction board which guides a guest from a gate to a front 
door, Indication on helmet 

signboard, indicator for buildings, indicator for the key hole of automobile, 
electrical appliance switches 
writing instruments, luminous ink, map, star chart 
Jigsaw puzzle 



Indicator for vehicles: 
Indicator for signs : 



Outdoor indicator : 
Indoor indicator : 
Stationery : 
Toys : 
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Special usage : sports ball, back-light for liquid^rystal (for use in, for example, clock), replacement of 

isotope used for discharge tube 

As described above, the present invention relates to a novel phosphorescent phosphor which is completely different 
from Z£S£mSZ phosphorescent phosphors, and has much longer high-luminance afterglow charactenst.es as 
compal ^de phosphorescent phosphors which are available on the market ^^jJSSS 
phosphor according to the present invention is chemically stable because ,t ,s an ox.de and has excellent photo re 



sistance. 



Claims 
1 



2. 



A phosphor which comprises a matrix of formula MAI 2 0 4 wherein M is calcium, strontium or barium, the matrix 
^.S^^iurn as activator and, as co-activator, at least one element selected from lanthanum, cenum, 

gadolinium, dysprosium, holmium, erbium, thulium, ytterbium, lutet.um, 

tin and bismuth. 

A phosphor comprising a matrix of formula MAI2O4 wherein M comprises at least two metals selected ' r °^ n °f '^'"^ 
iSoSm barium and magnesium, the matrix comprising europium as activator and, as co-act.vato. -a* least one 
element selected from lanLnum, cerium, praseodymium, neodymium. samarium, gadohn.um, dyspros.um. hol- 
mium. erbium, thulium, ytterbium, lutetium, tin and bismuth. 

3 A phosphor comprising a matrix of formula (M' x M\)^0 4 wherein x + y = 1 and M' and M«. which are : different 
L each a metaf selected from calcium, barium, strontium and magnesium, the matr.x comprising eur^n" 
acthSor anJ as co-actuator, at .east one element selected from lanthanum, cerium praseodymium, neodym.um, 
Sal gadolinium, dysprosium, holmium, erbium, thulium, ytterbium, lutet.um. t.n and b.smuth. 

4. A phosphor according to any one of claims 1 to 3 wherein the matrix comprises europium in an amount of 0.001 
to 10 mol% relative to the metal or metals in the matrix. 

5 A phosphor according to any one of claims 1 to 3 which comprises the co-activator or each co-activator in an 

amount of 0.001 to 1 0 mol % relative to the metal or metals in the matrix. 
6. A phosphor according to claim 5 wherein the total amount of co-activator is 0.001 to 1 0 mol% relative to the metal 

or metals in the matrix. 

7 A ohosphor according to any one of the preceding claims which shows a glow peak of thermo-luminescence in a 
JigCmp'aSe regfon of £-C or above when irradiated by uKravio.et or visible rays having a wavelength of 200 
to 450 nm at room temperatures. 

8. A composition which comprises a phosphor as claimed in any one of claims 1 to 7 mixed with a plastic materia., 
rubber, glass or ink. 

9 Amethodofimpartingatterglowcharac^ 

Cev ke^hc rSte sign, guard rail, fishing buoy, helmet, signpost, electrical switch, writing 0 

toy >or sportsbal. which method comprising applying to the said substrate a phosphor as claimed ,n any one of 

claims 1 to 7. 

Patentanspruche 

1 Phosohor mit einer Matrix der Formel MAI 2 0 4 , in welcher M Calcium, Strontium oder Barium ist wobei die Matrix 
' EuZium 1 AwfvatS aufweist und als Co-Aktivator zumindest ein Element aus der folgenden Gruppe. Lanthan. 

^^!^Ss m »^. Gadolin, ^prosium, Holmium, Erbium. Thuiium. Ytterbium, Lutet.um, Z,nn 
und Wismut. 

2 Phosphor mit einer Matrix der Forme, MA« 2 0 4 , in weteher M zumindest zwei Meta "° 

Strortium, Barium und Magnesium aufweist und die Matrix als Aktivator Europium umfaRt und als Co Akfvator 
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6. 



7. 



8. 



9. 



zumindest ein Element aus derTolgenden Gruppe: Lanthan, Cer, Praseodym. Neodym, Samarium. GadCin. Dys- 
prosium, Holmium, Erbium. Thulium, Ytterbium, Lutetium. Zinn und W.smut. 

tium, Zinn und Wismut. 

Phosphor nach einem der AnsprOche 1 bis 3, in welchem die Matrix Europium zu einem Anteil von 0,001 bis 10 
mol% im Verhaltnis zum Metall oder den Metallen in der Matnx aufweist. 

Phosphor nach einem der Anspruche 1 bis 3. das den Co-Aktivator oder jeden Co-Akthvator zu einem Antei, von 
0 ooTS 10 mory. im Verhaltnis zum Metall oder den Meta.len in der Matnx aufwe.st. 

Phosphor nach Anspruch 5, h welchem der Gesamtanteil der Co-Aktivatoren 0,001 bis 10 mo.% im Verhaltnis 
zum Metall oder den Metallen in der Matrix ist. 

Wellenlange von 200 bis 450 nm bei Raumtemperatur bestrahlt wird. 

Zusammensetzung, die Phosphor nach einem der Anspruche 1 bis 7 aufweist, das mit Kunststolf. Gummi, Glas 
oder Tinte vermischt ist. 

che 1 bis 7 beigemengt wird. 



Revendications 
1. 



5. 



M^relumineecenKaelcom^^ 
terbium, le thulium, l-ytterbium, le lutetium, retain et le bismuth. 

et le bismuth. 

*M chacun on m.BI choiel pa-mi le calcium. Is baryum, I. s " om ^=' „ , a „,h,ne le cerium, 
le lutetium, retain et le bismuth. 
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Fig. 4 



(I , 20 seconds otter Vt MS Vt'SSSr*"?." 4 "-"SS^ 

(ID 20 seconds otter i;r«4 t » of D65 s \ ondar r ° l J ht for 8 seconds 

Z |°o ESS %M n of 065 ESS A" tor 2 0 seconds 




250 200 150 100 

Temperature 



50 (°C) 
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Fig.6 



(I) 20 seconds after irradiation ot D65 standard light for 1 second 
at) 20 seconds ofter irradiotion of 065 standard light for 2 seconds 
(ffl) 20 seconds dfter irradiotion of 065 standard light for 4 seconds 



o 



o 




250 



200 150 100 

Temperature 
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Fig. 7 



„, 20 seconds otter *^«™«^\Zt"\'Z£* 




250 200 150 100 50 
Temperature 



(°C) 
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